Germfree and spccific pathogen-free cats were inoculated with feline panleukopenia virus. Cats were necropsied 2 to 6 days after inoculation and tissues from the thymus, lymph nodes and spleen taken for histological and immunofluorescence studies. Necrosis of lymphoid cells in the thymic cortex began 3 days after inoculation and continued for 5 to 6 days after inoculation when the thymus was nearly depleted of lymphocytes.
Infection and destruction of lymphoid cells is an important feature of feline panleukopenia. Clinically, panleukopenia is diagnosed when enteritis is accompanied by severe leukopenia, usually below 2000/mm3 but frequently as low as 0 to 500/mm3. Postmortem findings of experimentally infected cats include necrosis of lymphocytes in thymic and secondary lymphoid tissues [ 81. Because cells responsible for the development of immunity are destroyed by feline panleukopenia virus, researchers have reasoned that immune incompetence is an important part of the disease. Lymphoid cells are infected in both canine distemper and feline panleukopenia [4, 111 , and canine distemper infection is accompanied by evidence of impaired cell mediated immunity [ 1 11.
Our study investigated infection and development of lesions in primary and secondary lymphoid organs of cats inoculated with feline panleukopenia virus.
Materials and Methods
Twenty 8-to Y-week-old germfree and specific pathogen-frce cats ( 1 0 cach) were inoculated subcutaneously in the dorsal neck tissue with feline panleukopenia virus. Two germfrec and two specific pathogen-free cats were killed 2 to 6 days after inoculation. Two cats from each group were uninfected controls. Each cat was necropsied. Tissues from the thymus, splecn. mcscnteric lymph node and popliteal lymph node were taken for immunofluorescence and histological studies as described 1 I 1.
Results
Specific pathogen-free cats became partially anorexic and had mild diarrhea 5 to 6 days after inoculation, while germfree cats did not become clinically ill. None of the cats died. Total leucocyte counts dropped precipitously by days 2 to 3 in germfree and days 3 to 4 in specific pathogen-free cats.
At necropsy, the thymus was readily identified in all germfrce and specific pathogen-free cats up to day 4. By day 5 to 6, the thymus had involuted to a thin ribbon of tissue.
Microscopically, the thymus looked normal o n day 2 in both germfree and pathogen-free cats. The thymic lobules were well-defined and separated by a narrow, nearly cell-free interlobular space. Thymic corpuscles of germfree cats were much larger than those of specific pathogen-free cats.
Microscopic lesions of the thymus were seen only in germfree cats on day 3. A few focal areas of cortical necrosis was accompanied by an interlobular inflammatory response characterized by widening of the interlobular space by fluid and cells, principally granulocytes and a few mononuclear cells. Many granulocytes were eosinophils.
By day 4 thymic cortical lesions were evident in both germfree and specific pathogen-free cats and consisted mainly of areas of focal lymphoid necrosis and phagocytosis by macrophages ( fig. 1 ). In some thymic lobules the outer cortex was nearly deplcted of lymphocytes. Intranuclear inclusion bodies were seen easily in mononuclear cells in all cats ( fig. 2 ). There was an interlobular inflammatory response in both germfree and specific pathogen-free cats. The cellular parts consisted predominantly of granulocytic leukocytes and a few mononuclear cells in germfree cats but this was reversed in specific pathogen-free cats. Intracorpuscular necrotic cellular debris and granulocytic leukocytes were noted in the medulla and occasionally granulocytic leucocytes infiltrated the thymic corpuscles ( fig. 3 ). Eosinophils were prominent in all inflammatory responses.
By day 5 to 6 the cortices of most lobules in both germfree and specific pathogen-free cats had few lymphoid cells and corticomedullary borders were difficult to define. There was necrotic debris. accompanied by phagocytosis, in the cortices, medullary areas and the cnlarged thymic corpuscles ( fig. 4 ). The interlobular inflammatory cellular response was diminished and consisted almost entirely of mononuclear cells. Intranuclear inclusion bodies were rare or not seen.
There was specific viral immunofluorescence in the thymus on day 3 . Cells that fluoresced were limited almost entirely to the cortices, abruptly stopping at the ) . The pattern of fluorescence was predominantly nuclear and discrete. At day 3, germfree cats had many more fluorescing cells than did specific pathogen-free cats.
At day 4, the thymus o f all cats had many fluorescing cells. In germfree cats, the distribution was both cortical and medullary ( fig. 6 ) with occasional fluorescent cells in the thymic corpuscles. Specific pathogen-frce cats had fluorescent cells mainly in the cortices. Many phagocytic cells contained fluorescent debris in their cytoplasm ( fig. 7 ). Thcre was also granular fluorescent debris that looked unphagocytosed .
Fluorescence diminished significantly by day 5 in all cats. The pattern was primarily that of phagocytosed and granular debris in the cortex, medulla and thymic corpuscles. By day 6 some sections were devoid of fluorescing cells.
The mesenteric lymph nodes of germfree cats were grossly smaller than those of specific pathogen-free cats. In uninoculated controls, the cortex of germfree cats was narrow in most placcs and contained few lymphoid nodules with gcrminal centers ( fig. 8 ). The few paracortical areas were well-developed. Medullary cords -_. extcnded to the subcapsular sinuses in some areas. Small lymphoid follicles were in the medullary cords. There were few lymphoid cells in the medullary cords but there were large numbers of polymorphonuclear cells, including eosinophils.
The mesenteric lymph nodes of specific pathogen-free cats had much larger cortical areas. Lymphoid follicles and germinal centers were more numerous and larger, and paracortical areas were well-developed. The medullary cords and sinuses were populated with small, medium and large lymphocytes and plasma cells. Polymorphonuclear cells were rare and usually confined to the medullary sinuses or vessels when present. Differences between germfree and specific pathogen-free popliteal lymph nodes were similar to, but less pronounced than, those of the mesenteric lymph nodes. The popliteal lymph nodes of specific pathogen-free cats had fewer and smaller germinal centers and paracortical areas than their respective mesenteric lymph nodes. Many polymorphonuclear cells were in medullary cords of germfree popliteal lymph nodes but were lacking in specific pathogen-free popliteal lymph nodes.
Microscopic lesions were seen in the mesenteric lymph node on day 3 in both germfree and specific pathogen-free cats. Necrotic cells and intranuclear inclusions were seen in follicles and paracortical areas. The lymphoid follicles and paracortical areas had more medium and large lymphocytes than did controls.
Increased numbers of necrotic cells, phagocytosis and intranuclear inclusion bodies were evident in follicles and paracortical areas o n day 4. The number and size of germinal centers in germfree cats were increased and the paracortical areas expanded. Polymorphonuclear cells had disappeared from the medullary cords and sinuses of germfree cats and lymphoid cells werc morc numerous there. There was a polymorphonuclear cell response in the medullary sinuses of specific pathogenfree cats. The rcticulocndothelial cells in the medullary sinuses were larger and contained vacuoles. Slight hemorrhage into the mcdullary sinuses of some cats (both germfree and specific pathogen-free) was accompanied by erythrophagocytosis. Large macrophages were in the subcapsular sinuses.
The paracortical areas were expanded in all cats by days 5 to 6 but this was most obvious in thc mesenteric lymph nodes of germfree cats (fig. 9 ). The cells populating these paracortical areas were interpreted to be predominantly medium and large lymphoid cells. The medullary cords were well-populated with medium and large lymphoid cells and some plasma cells. The medullary sinuses were heavily populated with histiocytes and macrophages. Large macrophages were in the subcapsular sinuses of all cats. There was slight hemorrhage in the medullary sinuses of most sections. Intranuclear inclusion bodies were rare, especially by day 6 .
Changes in the popliteal lymph nodes were similar to those in the mesenteric lymph nodes. Focal necrosis, phagocytosis and stimulation of both follicular and paracortical areas were the most prominent findings. Polymorphonuclear cells vanished from the medullary cords of germfree cats but were part of an inflammatory response in the medullary sinuses of specific pathogen-free cats. Fewer histiocytes and macrophages were in the medullary and subcapsular sinuses of popliteal than in mesenteric lymph nodes.
There was specific immunofluorescence on day 2 in three of four cats. Usually there were only a few fluorescent cells located randomly in the cortex or medulla, but one cat had a prominent focus of fluorescent cells in a lymphoid follicle.
There was intense fluorescent staining in the mesenteric and popliteal lymph nodes of both germfree and specific pathogen-free cats on days 3 and 4. In the follicles, most fluorescent cells were central but occasionally there was an outer circular pattern, especially by day 4 (fig. 10 ). Many parafollicular areas had prominent foci of fluorescent cells. A few random cells in the medulla or other parts of the cortex also fluoresced. Discrete nuclear fluorescence was the most prominent pattern at this time. A much more reticular pattern of fluorescence was in both the follicles and paracortical area on days 5 to 6 . Most follicular fluorescence was central. Phagocytosed fluorescing debris in follicles, paracortical areas and medullary sinuses was prominent. In one cat the medullary sinuses were filled with phagocytic cells containing fluorescent debris ( fig. 11) .
Changes in the spleen resembled those of the lymph nodes. At 3 to 4 days there was necrosis of follicular and periarteriolar sheath cells and a mild polymorphonuclear cell infiltration in the sinusoids, especially in specific pathogen-free cats.
Germinal centers were enlarged and periaterial lymphocyte sheaths were expanded on days 5 to 6 . Increased numbers of medium and large lymphoid cells in both these areas was the most prominent finding.
Discrete nuclear fluorescence was predominant in both follicles and white pulp on days 3 to 4. This changed to a more reticular, granular pattern with phagocytosis of fluorescent debris o n days 5 to 6 ( fig. 12 ). The immunofluorescence pattern was similar in distribution and timing but was most intense in germfree cats. 
Discussion
Infection o f the lymphoid tissues is one o f the major effects of feline panleukopenia virus infection. Destruction of cells responsiblc for the immune mechanism could compromise the host response to fclinc panleukopenia virus and to other organisms the host already had immunity against. O u r study shows that lymphoid cells are infected and destroyed. There is also evidence, however, that both humoral and cell-mediated immune mechanisms are stimulated, especially in clinically mild infections.
The presence o f intranuclear inclusion bodies in lymphoid tissues o f cats infected bith panleukopenia virus has been controversial. Their existence in intestinal tissues has been described (21. Recently workers reported an absence of intranuclear inclusions in lymphoid tissues of cats experimentally infected with panleukopenia virus (61. Thcir tissues. however. were fixed in formalin. In our studies, inclusions were seen in Bouin's-fixed tissues but not in duplicate formalin-fixed tissues [ 21. Inclusions were common during the early stages of viral infection of the lymphoid tissues (days 3 to 4) when necrotic Icsioiis were most obvious, but were rare o r nonexistent by days 5 t o 6 when clinical illness was first seen.
The term reticular cell hyperplasia is commonly used to describe the response o f the lymphoid tissue t o feline panleukopcnia infection [ 5. 81. A problem arises, however, o f distinguishing so-called reticular cells from transformed lymphocytes o r immunoblasts with the light microscope (71. We saw no evidence o f true reticular cell hyperplasia in any lymphoid tissue. Without exception, and especially in germfree cats, the arcas responsible for cell-mediated and humoral immunity werc stimulated and expanded. The histological appearance was one of lymphocytic destruction and lymphoblastic proliferation rather than total depletion o f lymphocytes. In reports of reticular ccll hypcrplasia, the many large lymphoblasts may have been misinterpreted as reticular cells, especially since the precise function o f these cells has been ascertained only in recent years. It is also possible that a more virulent virus strain than the one used in this study may destroy most o f the lymphocytes and that true reticular ccll hyperplasia occurs in these cases.
It is more likely that a stimulation o f immunoblastic cells is the true response to feline panleukopenia virus infection. Researchers I 121 reported that during the course of feline panleukopenia virus infection. lymphocyte responsiveness to phytohemagglutinin and concanavalin A were depressed but was not as severe as the depression seen during canine distcmper infection in dogs. B lymphocyte mitogen responses and antibody responses t o panleukopenia virus and rabbit red blood cells werc not impaired. Aftcr the initial depression, T lymphocyte response to mitogens was potentiated after day 14. Free serum neutralizing antibody to panleukopenia virus was regularly demonstrated in the serum of experimentally infected cats 7 to 8 days after inoculation [ 3 ] . An impaired immune system would not produce free antibody that quickly. In this study virus was not isolated from the blood of cats on days 5 to 6 . This indicates antibody clearing of virus from the blood. The immunofluorescent patterns in the lymph nodes and spleen on days 5 to 6 were highly indicative of antigen trapping which is antibody dependent [9, While it is clear that more specific studies must be done to determine that immunodepression is not a feature of feline panleukopenia, the histological appearances of the lymphoid tissues indicate that it is not. 101.
